Background and aims: Both interstitial brachytherapy and interstitial chemotherapy are effective in improving local control in patients with local UICC-T4 pancreatic cancer. In this study, we report the results of endoscopic ultrasound (EUS)-guided interstitial chemoradiation (EUS-ICR) in patients with advanced pancreatic cancer, with respect to tumor response, clinical response, safety, and complications. Patients and methods: A total of 8 patients (3 men, 5 women; median age of 69) with T4 pancreatic adenocarcinoma were the subjects of this study. A mean of 18 radioactive seeds and 36 intratumoral implants for sustained delivery of 5fluorouracil in each patient were implanted into the tumors using EUS-guided needle puncture. The mean total implanted radioactive activity was 13.68 mCi, the mean total dose of intratumoral 5fluorouracil was 3.6 g, and the mean volume of implants was 28 cm 3 . The conditions of the patients were followed-up by examination and imaging tests every two months. Clinical endpoints included the Karnofsky performance status, pain response, tumor response (assessed by computed tomography and/or EUS), and survival.
Introduction
Interstitial brachytherapy and interstitial chemotherapy are useful methods in improving local control of malignant tumors. [1] [2] [3] [4] [5] [6] [7] [8] After radioactive seed placement, the target tissue is exposed to a steady emission of gamma rays, which leads to localized ablation. A method for local sustained release of chemotherapeutic agents by their incorporation into biodegradable polymers has been developed. The implantation of a drug-impregnated polymer at the tumor site allows prolonged local exposure with minimal systemic exposure. This technique is used in clinical practice to control malignancies in the prostate, breast, and brain. [4] [5] [6] [7] [8] The recent developments in linear array technology have expanded the clinical utility of endoscopic ultrasound (EUS) by enabling image-guided biopsy and fineneedle therapy. [9] [10] [11] [12] [13] [14] In a previous study, we showed that EUS-guided radioactive seed implantation is a safe but mildly effective method for patients with pancreatic cancer. Chemotherapeutic implant placement can also be safely performed in the pancreas under EUS guidance. 3, 4, 15 We investigated the possibility of implanting both radioactive seeds and chemotherapeutic implants at the same time because there is always a synergy between brachytherapy and chemotherapy. In the present study, we evaluated the results of using EUS-guided interstitial chemoradiation (EUS-ICR) in patients with advanced pancreatic cancer, with respect to tumor response, clinical response, safety, and complications. The study was approved by the Institutional Review Board of China Medical University.
Patients and methods

Patients
Patients were eligible for enrollment in this study if they were over 18 years of age and had histologically been confirmed with adenocarcinoma of the pancreas that was bidimensionally measurable using computed tomography (CT) or EUS. The tumors, which were at the UICC-T4 stage, involved the celiac or superior mesenteric artery. Written informed consent was obtained before patients were admitted into the study.
Patients with unresectable pancreatic cancer should have a Karnofsky performance status (KPS) score of 60 or better and were expected to survive for more than 2 months. Pregnant women and patients with distant metastasis (e.g., liver, lung) were excluded, as were patients who had received prior therapy within 28 days of study enrollment. Laboratory requirements for inclusion included the following: white blood cell count greater than 3×10 9 /L, platelet count greater than 100×10 9 /L, hematocrit greater than 33%, hemoglobin level greater than 10 5 g/L, prothrombin time within 3 s of control, and serum creatinine less than or equal to 133 mol/L. Abdominal CT and EUS were performed in all patients. EUS-guided fine needle aspiration was performed if there was no prior histological diagnosis of pancreatic adenocarcinoma. Patients with obstructive jaundice had biliary stents placed prior to the study.
EUS-guided interstitial brachytherapy
All eligible patients underwent implantation of iodine-125 seeds and chemotherapeutic implants. The operator wore a lead apron. A linear-array echoendoscope (EG3830UT; Pentax Precision Instruments, Orangeburg, New York, USA) was inserted into the proximal stomach. EUS was performed to show the conformation of the pancreatic tumor and nearby metastatic lymph nodes. EUS images were captured by computer. The tumor and lymph node volumes were calculated using EUS and CT images, and the 3D diameters of the tumors were determined by a treatment plan system software (Zhiye Medical Software Co., Shenyang, China). The minimum peripheral dose was then set to 100 Gy, and the dose of every seed was entered into the software. The number of seeds required was calculated by the software. The total number of the chemotherapeutic implants was twice as many as the number of seeds. The distribution plan maps were then drawn. The operator determined the distance and direction of every target site from the center of the tumor.
Iodine-125 radioactive seeds (China Institute of Atomic Energy, Beijing, China) can be easily inserted through the channel of a 19-gauge needle (Wilson. Cook Medical Inc., Winston-Salem, North Carolina, USA). When the needle was inserted into the target site under EUS guidance, the stylet was removed. A seed or a chemotherapeutic implant was inserted into the needle. The stylet of the needle was then advanced to push the implant forward. The implant was released from the needle and implanted into the tissue (Figure  1) . This implantation procedure was repeated, and one radioactive seed and two chemotherapeutic implants were implanted at one site until all the seeds and chemotherapeutic implants were implanted into the target sites as planned.
Evaluation
Patients were monitored for adverse effects and for abnormalities in laboratory indices, including hematological parameters, lipase, amylase, carcinoembryonic antigen (CEA), carbohydrate antigen 19-9 (CA19-9), and liver function indicators. The patients were assessed by physical examination (including weight, Karnofsky performance status, and visual analog scale pain score), and the tumor size was monitored by CT scan or EUS. The response of the tumor to the treatment was evaluated using standard World Health Organization (WHO) criteria. According to WHO cr iteria for efficacy, objective tumor responses were classified into five grades, namely, 'complete response', 'partial response', 'minor response', 'stable disease' and 'progressive disease'. Follow-up CT or EUS examinations were performed within 4 weeks after the operation and every 2 months thereafter whenever possible. The size of the implanted area was evaluated by measuring two perpendicular diameters.
The clinical benefit response assessment in patients with locally advanced pancreatic cancer was derived from the measurement of pain levels, functional impairment (assessed by the Karnofsky performance status score), and weight loss. For patients to achieve an overall positive rating for their clinical benefit response, they had to be positive for at least one parameter (pain, performance status, or weight) without being negative for any of the others. This improvement had to last for at least four weeks.
Patient survivals, tumor responses, and clinical benefit responses were recorded. A Kaplan-Meier survival curve was plotted for all the patients.
Results
Patient characteristics
Between April 2009 and April 2011, a total of 8 eligible patients were enrolled from 18 patients with unresectable, locally advanced pancreatic cancers. The characteristics of these eight patients are summarized in Table 1 . There were 3 males and 5 females with a median age of 69 years (range of 61 to 84 years). The median Karnofsky performance status score was 70 (range of 60 to 100). Six of the tumors were located in the pancreatic head, and two were in the pancreatic body and tail. Two patients with obstructive jaundice had biliary stents inserted prior to the study.
All patients underwent implantation of iodine-125 seeds. The average time taken to complete the implantation was 35 min. The mean number of passes required per operation was 13 (range of 8 to 16). The average number of seeds implanted was 19 per patient (range of 16 to 28 per patient) with a mean radioactivity of 0.72 mCi per seed and a mean total implanted activity of 13.68 mCi. The mean volume of implants was 28 cm 3 (range of 21 cm 3 to 33 cm 3 ).
Toxicity and complications
No severe toxic or adverse effects were observed ( Table   2) . No therapy complication occurred.
Response to treatment
The tumor responses demonstrated by CT and EUS are summarized in Table 3 . Out of the eight patients, there was one partial response, two minor responses, three described as "no change" (i.e., stable disease), and two classified as showing progressive disease. The overall rate for a positive response or having a stable disease was 75% (6/8). The tumor classified as partial response showed a decrease of more than 50% in the largest cross-sectional area of the pancreatic tumor after 2 months. The median duration of the partial responses was 3 months.
Four of the patients experienced clinical benefits as assessed by the primary measures (pain and Karnofsky performance status score) ( Table 4 ). Two patients experienced improvement in pain with stabilization of performance status, and two patients showed improvement in both pain and Karnofsky performance status. to the normal levels of CEA and CA19-9 was observed among patients who achieved partial responses.
Survival
The follow-up period ranged from 5.2 to 11.4 months. Survival was measured from the time of EUS-guided interstitial therapy to the time of death. The Kaplan-Meier survival analysis curve is shown in Figure 2 . The overall median survival was 8.3 months (range 5.2±11.4 months). The 3-, 6-, 9-, and 12-month survival rates were 100%, 87.5%, 37.5%, and 0%, respectively.
Discussion
Local complications of advanced pancreatic carcinoma result in significant morbidity and mortality. Although systemic therapy is needed in finding a cure for pancreatic cancer, an effective locoregional therapy for treating pancreatic primary and/or regional metastases
The median time to achieve clinical benefit was 3.5 months. The level of CA19-9 and/or CEA decreased in 4 patients 1 month after the therapy ( Table 5) . A return in the liver is beneficial for patients who do not have extensive extrahepatic disease at the time of presentation. Current therapies, however, provide limited benefits for most patients. The high incidence of complications associated with resection of advanced pancreatic cancer and the significant gastrointestinal toxicity of external beam radiation or systemic chemotherapy limit their usefulness. 16 As an effective alternative, two kinds of interstitial therapy, namely, interstitial brachytherapy and interstitial chemotherapy, have been used to treat various cancers, such as prostate, breast, pancreas, and brain cancers. [1] [2] [3] [4] [5] [6] [7] [8] If "nuclear weapon" and "chemical weapon" could be implanted in a minimally invasive method, they might replace systemic radiation therapy and chemotherapy, either partially or entirely. Although ultrasound-guided percutaneous implantation of interstitial implants for cancer therapy has been reported, the difficulty and accuracy of percutaneous implantation in pancreatic lesions are under dispute. Over the past few years, there have been reports of pancreatic cancer treatments using EUS-guided gene therapy, EUSguided immunotherapy, EUSguided radiofrequency therapy, and EUS-guided photodynamic therapy. [9] [10] [11] [12] [13] [14] Previous studies have shown that EUS-guided interstitial brachytherapy has a moderate effect and does not reduce the quality of life. 3 EUS-guided interstitial therapy on canine pancreas has been reported. 4 The present study show that EUS-guided interstitial chemoradiation allow precise and safe implantation of chemotherapeutic implants and may provide a new minimally invasive method for interstitial chemotherapy of pancreatic cancer. Both response rates of interstitial brachytherapy and chemotherapy for pancreatic cancer are limited. In many cases, radiation and chemotherapy are combined to treat pancreatic cancer in an attempt to keep the cancer under control as much as possible. This method is also known as chemoradiation because a synergy between external radiation and systematic chemotherapy is possible. The general mechanisms of chemotherapy and radiotherapy interaction involve the induction of DNA damage by both chemotherapy and radiotherapy and inhibition of post-radiation damage repair by chemotherapy. 17 We investigated the possibility of combining chemotherapy and radiotherapy as sensitizers for each other because not all pancreatic cancer cells are sensitive to brachytherapy or chemotherapy. EUS was used in the present study to guide the simultaneous implantation of radioactive seeds and chemotherapeutic implants with a 19-gauge needle to assess the feasibility and safety of EUS-ICR in human pancreatic cancer. Experienced endosonographers encountered no technical difficulties in puncturing and releasing the two kinds of implants into the solid pancreatic tissues.
Other series of intraoperative iodine-125 implantation and systematic chemotherapy have been associated with mortalities ranging from 0% to 16% with a major morbidity of 18%. 18 Complications include fistula formation, gastrointestinal bleeding, ascending cholangitis, and intrahepatic cyst formation. Jin et al 19 reported a clinical trial of EUS-guided brachytherapy combined with routine gemcitabinebased 5fluorouracil chemotherapy for unresectable pancreatic cancer. The results showed pain alleviation and no obvious complications. In the present study, although there was no obvious long-term survival benefit, some patients who achieved clinical benefit showed a decrease in tumor markers. A decrease or return to normal in tumor marker levels may indicate that the cancer has favorably responded to therapy. 20 The result of EUS-ICR was similar to the previous result of EUS-guided interstitial brachytherapy. 3 However, the radioactivities of radioactive seeds in EUS-ICR were reduced when radiotherapy was combined with chemotherapy. This result explained the absence of complications or adverse events in this study.
Although the objective response rate in patients with locally advanced pancreatic cancer was moderate, four patients experienced clinical benefit, and one patient showed a partial tumor response. This study demonstrated the technical feasibility of EUS-ICR in pancreatic tumors. Moreover, the patients showed more tolerance to the technique. The technique did not significantly reduce the quality of life either. Therefore, EUS-ICR may ultimately be used in the palliation of unresectable malignant tumors of the pancreas, which is an important part of systematic management.
Other potential clinical uses of this technique include the management of recurrent abdominal lesions or mediastinal lesions. The present study is limited. A multimodality approach, with EUS-interstitial brachytherapy or interstitial chemotherapy combined with other interstitial therapy, such as EUS-guided gene therapy, EUS-guided immunotherapy, EUS-guided radiofrequency therapy, or EUSguided photodynamic therapy, may be used and should be tested in further studies.
